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In order to apply holography and entropy relations to the whole universe, which is a gravitational
and thus nonextensive system, for consistency one should use the generalized definition for the
universe horizon entropy, namely Tsallis nonextensive entropy. We formulate Tsallis holographic
dark energy, which is a generalization of standard holographic dark energy quantified by a new
dimensionless parameter δ, possessing the latter as a particular sub-case. We provide a simple
differential equation for the dark energy density parameter, as well as an analytical expression for
its equation-of-state parameter. In this scenario the universe exhibits the usual thermal history,
namely the successive sequence of matter and dark-energy epochs, before resulting in a complete
dark energy domination in the far future. Additionally, the dark energy equation-of-state parameter
presents a rich behavior and, according to the value of δ, it can be quintessence-like, phantom-like,
or experience the phantom-divide crossing before or after the present time. Finally, we confront the
scenario with Supernovae type Ia and Hubble parameter observational data, and we show that the
agreement is very good, with δ preferring a value slightly larger than its standard value 1.
PACS numbers: 98.80.-k, 95.36.+x, 04.50.Kd
I. INTRODUCTION
According to the concordance paradigm of cosmology
the universe experienced an early-time accelerated phase,
followed by the sequence of radiation and matter domi-
nated eras, before resulting in the current, late-time, ac-
celerated epoch. The two accelerated phases cannot be
easily described through general relativity and standard
model of particle physics, since extra degree(s) of freedom
seem to be necessarily required. From one hand we can
attribute these extra degrees of freedom to new, exotic
forms of matter, collectively named as dark energy [1–3].
On the other hand we can consider them to be of grav-
itational origin, namely to arise from a modified theory
of gravity that includes general relativity as a low-energy
limit [4–8].
One interesting alternative for the explanation of dark
energy origin and nature can be acquired applying the
holographic principle [9–11] at a cosmological framework
[12–14]. In particular, one takes advantage of the connec-
tion between the Ultraviolet cutoff of the (quantum field)
theory, which is related to the vacuum energy, with the
(necessary for the applicability of the quantum field the-
ory at large distances) largest distance of the theory [15].
In this way the resulted vacuum energy will be a form
∗Electronic address: Emmanuel Saridakis@baylor.edu
†Electronic address: bamba@sss.fukushima-u.ac.jp
‡Electronic address: rmyrzakulov@gmail.com
§Electronic address: fotis-anagnostopoulos@hotmail.com
of dark energy of holographic origin, named holographic
dark energy [16] (see [17] for a review). Holographic dark
energy leads to interesting cosmological phenomenology
[16–27] and it has been also extended through various
ways [28–47]. Additionally, holographic dark energy can
be shown to be in agreement with observational data [48–
53].
A crucial ingredient of the cosmological application of
holography is the fact that the entropy of the whole uni-
verse, considered as a system with radius the aforemen-
tioned largest distance, is proportional to its area, sim-
ilarly to a black hole. However, already at 1902 Gibbs
had pointed out that in systems in which the partition
function diverges the Boltzmann-Gibbs theory cannot be
applied, and we now know that gravitational systems lie
within this class. As it was shown by Tsallis, in such cases
the usual Boltzmann-Gibbs additive entropy (which is
founded on the hypothesis of weak probabilistic correla-
tions and their connections to ergodicity) must be gener-
alized to the non-additive entropy (i.e the entropy of the
whole system is not necessarily the sum of the entropies
of its sub-systems), know as Tsallis entropy [54–57]. In
particular, this nonextensive Tsallis entropy can be writ-
ten in compact form as [58]
ST = γA
δ, (1)
where A ∝ L2 is the area of the system with characteris-
tic length L. The parameters γ and δ under the hypoth-
esis of equal probabilities are related to the dimensional-
ity of the system d, and specifically the important one is
δ = d/(d− 1) for d > 1 [58], however in the general case
they remain as completely free parameters. Obviously,
2in the case where δ = 1 and γ = 2piM2p (in units where
~ = kB = c = 1), with Mp the Planck mass, we obtain
the usual additive entropy.
Having these in mind, we deduce that in order to apply
holography and entropy relations to the whole universe,
which is a gravitational and thus nonextensive system,
one should use the above generalized definition of the
universe horizon entropy. Hence, in the case of holo-
graphic dark energy, which is obtained from the inequal-
ity ρDEL
4 ≤ S with S ∝ A ∝ L2 [17], the consistent
scenario will arise if we use the Tsallis entropy (1) in this
inequality, resulting to
ρDE = BL
2δ−4, (2)
with B a parameter with dimensions [L]−2δ. As men-
tioned above, for δ = 1 the above expression gives the
usual holographic dark energy ρDE = 3c
2M2pL
−2, with
B = 3c2M2p and c
2 the model parameter. Additionally,
it is worth mentioning that in the special case δ = 2 the
above relation gives the standard cosmological constant
case ρDE = const. = Λ.
In the present work we are interested in formulating
Tsallis holographic dark energy, which is characterized by
energy density (2), and investigate its cosmological impli-
cations. Although relation (2) has been also extracted in
a recent work too [59], its cosmological application has
the serious disadvantage that it does not possess stan-
dard entropy and standard holographic dark energy as a
sub-case. The reason behind this failure is the fact that
it was the Hubble horizon that was used as L (see also
[60, 61] where the same inconsistency appears), which
is well known that cannot lead to realistic cosmology in
the case of usual holographic dark energy [62]. Hence, in
the present paper we proceed to a consistent formulation
of Tsallis holographic dark energy, taking as L the fu-
ture event horizon, namely the same length that is used
in standard holographic dark energy scenario. In this
way Tsallis holographic dark energy is indeed a consis-
tent generalization of standard holographic dark energy,
possessing it as a particular limit, namely for δ = 1.
The plan of the manuscript is the following. In Sec-
tion II we formulate Tsallis holographic dark energy in
a consistent way, extracting the corresponding cosmo-
logical equations. In Section III we investigate the cos-
mological behavior of the scenario, focusing on the evo-
lution of the dark-energy density and equation-of-state
parameters, and we confront it with Supernovae type Ia
observational data. Finally, Section V is devoted to the
conclusions.
II. TSALLIS HOLOGRAPHIC DARK ENERGY
In this section we present the basic expressions of
holographic dark energy based on Tsallis nonextensive
entropy. Throughout this work we consider a flat ho-
mogeneous and isotropic Friedmann-Robertson-Walker
(FRW) geometry with metric
ds2 = −dt2 + a2(t)δijdxidxj , (3)
with a(t) the scale factor.
As we mentioned in the Introduction, the starting
point for Tsallis holographic dark energy is expression
(2). In the formulation of holographic dark energy one
needs to consider a particular IR cutoff, namely the
largest length of the theory L that appears in the ex-
pression of holographic dark energy density. It is well
known that in the case of standard holographic dark en-
ergy models L cannot be the Hubble horizon H−1 (with
H ≡ a˙/a the Hubble parameter), since such a choice
leads to inconsistencies [62]. Hence, it was the future
event horizon that was finally used [16], namely
Rh ≡ a
∫ ∞
t
dt
a
= a
∫ ∞
a
da
Ha2
. (4)
In a recent attempt to construct Tsallis holographic dark
energy the authors used the extended relation (2) but
they chose L to be the Hubble horizon [59]. Thus, the re-
sulted model does not have standard holographic dark en-
ergy and standard thermodynamics as a sub-case, which
is a serious disadvantage. On the contrary, in the present
work we desire to formulate Tsallis holographic dark en-
ergy in a consistent way, and hence we use as L the future
event horizon (4). In this way, as we will see, standard
holographic dark energy is included as a sub-case, and
can be obtained for δ = 1.
According to the above discussion, and using (2) with
L the Rh, the energy density of Tsallis holographic dark
energy writes as
ρDE = BR
2δ−4
h . (5)
In the following we focus on the general case δ 6= 2, since
as we mentioned for δ = 2 the model gives the standard
cosmological constant ρDE = Λ. The Friedmann equa-
tions in a universe containing the dark energy and matter
perfect fluids are
3M2pH
2 = ρm + ρDE (6)
−2M2p H˙ = ρm + pm + ρDE + pDE , (7)
with pDE the pressure of Tsallis holographic dark en-
ergy, and ρm and pm respectively the energy density and
pressure of the matter sector. The equations close by
considering the matter conservation equation
ρ˙m + 3H(ρm + pm) = 0. (8)
It proves convenient to introduce the dark energy and
matter density parameters through
Ωm ≡ 1
3M2pH
2
ρm (9)
ΩDE ≡ 1
3M2pH
2
ρDE . (10)
3Using these definitions, relations (4),(5) lead to
∫ ∞
x
dx
Ha
=
1
a
(
B
3M2pH
2ΩDE
) 1
4−2δ
, (11)
where x ≡ ln a. In the following we focus on the dust
matter case, namely we consider the matter equation-
of-state parameter to be zero, and thus (8) gives ρm =
ρm0/a
3, with ρm0 the value of the matter energy den-
sity at the present scale factor a0 = 1 (from now on
the subscript “0” marks the present value of a quantity).
Therefore, inserting into (9) gives Ωm = Ωm0H
2
0/(a
3H2),
which, using that the Friedmann equation (6) becomes
Ωm +ΩDE = 1, leads to
1
Ha
=
√
a(1− ΩDE)
H0
√
Ωm0
. (12)
Inserting (12) into (11) we obtain
∫ ∞
x
dx
H0
√
Ωm0
√
a(1− ΩDE) = 1
a
(
B
3M2pH
2ΩDE
) 1
4−2δ
.
(13)
It proves convenient to use x = ln a as the independent
variable, and thus for every quantity f we have f˙ = f ′H ,
where primes denote derivatives with respect to x. Thus,
differentiating (13) with respect to x we finally acquire
Ω′DE
ΩDE(1 − ΩDE) = 2δ − 1 +Q(1− ΩDE)
1−δ
2(2−δ)
·(ΩDE)
1
2(2−δ) e
3(1−δ)
2(2−δ)
x, (14)
where
Q ≡ 2(2− δ)
(
B
3M2p
) 1
2(δ−2) (
H0
√
Ωm0
) 1−δ
δ−2
. (15)
Equation (14) is the differential equation that deter-
mines the evolution of Tsallis holographic dark energy,
in a flat universe and for dust matter, as a function
of x = ln a. In the case where δ = 1 this equation
does not have an explicit x-dependence and it coin-
cides with the one of usual holographic dark energy [16],
namely Ω′DE |δ=1 = ΩDE(1 − ΩDE)
(
1 + 2
√
3M2pΩDE
B
)
(complete coincidence is acquired under the identifica-
tion B = 3c2M2p ), which accepts an analytic solution in
an implicit form [16]. Nevertheless, in the case where
δ 6= 1, differential equation (14) exhibits an explicit x-
dependence and cannot accept an analytical solution.
Hence, in the following we will elaborate it numerically.
Let us now determine the other important observable,
namely the Tsallis holographic dark energy equation-of-
state parameter wDE ≡ pDE/ρDE . Since the matter
sector is conserved, namely Eq. (8) holds, the two Fried-
mann equations (6),(7) imply that the dark energy sector
is conserved too, namely
ρ˙DE + 3HρDE(1 + wDE) = 0. (16)
Differentiating the basic relation (5) we obtain that
ρ˙DE = 2(δ − 2)BR2δ−5h R˙h, where R˙h can be straight-
forwardly found from (4) to be R˙h = HRh − 1, and
where Rh can be eliminated in terms of ρDE through
Rh = (ρDE/B)
1/(2δ−4), according to (5). Inserting these
into (16) we obtain
2(δ − 2)B
(ρDE
B
) 2δ−5
2(δ−2)
[
H
(ρDE
B
) 1
2(δ−2) − 1
]
+3HρDE(1 + wDE) = 0. (17)
Finally, substituting H from (12), and using the dark
energy density parameter definition (10) we result to
wDE =
1− 2δ
3
− Q
3
(ΩDE)
1
2(2−δ) (1−ΩDE)
δ−1
2(δ−2) e
3(1−δ)
2(δ−2)
x.
(18)
Thus, this expression provides wDE as a function of ln a,
as long as ΩDE is known from the solution of (14). As
expected, for δ = 1 (18) does not have an explicit x-
dependence and it gives the usual holographic dark en-
ergy equation-of-state parameter, namely wDE |δ=1 =
− 13 − 23
√
3M2pΩDE
B [17], where complete coincidence is ac-
quired under the identification B = 3c2M2p .
We close this section by introducing the convenient
deceleration parameter q, which reads as
q ≡ −1− H˙
H2
=
1
2
+
3
2
(wmΩm + wDEΩDE) . (19)
Hence, in the case of dust matter (wm = 0), q is straight-
forwardly known as long as ΩDE is known from (14).
III. COSMOLOGICAL EVOLUTION
In this section we proceed to the investigation of the
cosmological behavior in a universe where the dark en-
ergy sector is the Tsallis holographic dark energy. The
basic differential equation that determines the evolution
of ΩDE as a function of x = ln a is Eq. (14). Unfor-
tunately, this equations can be analytically solved in an
implicit form only in the case δ = 1 [16], since in the
δ 6= 1 case it acquires an explicit x-dependence that does
not allow for an analytical solution. Hence, one should
resort to numerical elaboration in order to extract its so-
lution. As long as the solution for ΩDE(x) is obtained,
its behavior in terms of the redshift z can be straightfor-
wardly obtained through x ≡ ln a = − ln(1 + z) (having
set a0 = 1).
We elaborate Eq. (14) numerically, imposing that
ΩDE(x = − ln(1 + z) = 0) ≡ ΩDE0 ≈ 0.7 and thus
Ωm(x = − ln(1+ z) = 0) ≡ Ωm0 ≈ 0.3 as required by ob-
servations [63]. In the upper graph of Fig. 1 we present
ΩDE(z) and Ωm(z) = 1 − ΩDE(z). In the middle graph
we depict the corresponding behavior of wDE(z) as it
arises from (18). And in the lower graph we draw the de-
celeration parameter from (19). Additionally, note that
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FIG. 1: Upper graph: The evolution of Tsallis holographic
dark energy density parameter ΩDE (black-solid) and of the
matter density parameter Ωm (red-dashed), as a function of
the redshift z, for δ = 1.1 and B = 3, in units where M2p =
1. Middle graph: The evolution of the corresponding dark
energy equation-of-state parameter wDE. Lower graph: The
evolution of the corresponding deceleration parameter q. In all
graphs we have imposed ΩDE(x = − ln(1+ z) = 0) ≡ ΩDE0 ≈
0.7 at present in agreement with observations, and we have
added a vertical dotted line denoting the present time z = 0.
in the graphs we have extended the evolution into the
future, namely for z < 0, since z → −1 corresponds to
t→∞.
From the upper graph of Fig. 1 we observe that we can
acquire the usual thermal history of the universe, namely
the sequence of matter and dark energy eras, while the
universe asymptotically results in a complete dark-energy
domination. Furthermore, from the third graph of Fig. 1
we can see that the transition from deceleration to accel-
eration happens at z ≈ 0.5 as required from observations.
Finally, from the middle graph of Fig. 1 we can see that
the current value of wDE is around −1 in agreement with
observations. We mention that in this explicit example
in the future wDE enters slightly in the phantom regime,
which according to relation (18) is allowed in the model
at hand, which is an advantage showing the enhanced
capabilities.
Let us now investigate the effect of δ on wDE . In
Fig. 2 we present wDE(z) for various values of δ, in-
cluding the value δ = 1 which corresponds to standard
holographic dark energy. As we observe, for increas-
ing δ the wDE(z) evolution, as well as its present value
wDE(z = 0), tend to lower values. Note that for δ & 1.2
the value of wDE(z = 0) is in the phantom regime.
Hence, according to the value of δ, the dark energy sector
can be quintessence-like, phantom-like, or experience the
phantom-divide crossing before or after the present time.
We mention here that although the scenario at hand
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FIG. 2: The evolution of the equation-of-state parameter
wDE of Tsallis holographic dark energy, as a function of the
redshift z, for B = 3, and for δ = 0.8 (red-dashed), δ =
1 (black-solid), δ = 1.2 (blue-dotted), and δ = 1.3 (green-
dashed-dotted), δ = 1.4 (magenta-dashed-dot-dotted), in units
where M2p = 1. In all graphs we have imposed ΩDE(x =
− ln(1 + z) = 0) ≡ ΩDE0 ≈ 0.7 at present in agreement with
observations.
has two parameters, namely the new exponent δ and the
constant B, in the above examples we preferred to fix
B = 3, which is required in order to obtain exact co-
incidence with standard holographic dark energy when
δ = 1, and explore the role of δ in a pure way. Never-
theless, as we showed, changing δ is adequate in order
to obtain a cosmology in agreement with observations,
without the need to change the constant B. This is a
significant advantage of Tsallis holographic dark energy
comparing to standard holographic dark energy, since in
the latter one needs to use a value of the constant c2 dif-
ferent than 1 in order to obtain satisfying observational
fittings, which has then difficulties to be theoretically jus-
tified (the essence of holographic dark energy is that the
total energy in a region of size L should not exceed the
mass of a black hole of the same size, and not the lat-
ter multiplied by a tuned constant). Definitely, changing
additionally the value of B would significantly enhanced
the capabilities of Tsallis holographic dark energy.
IV. OBSERVATIONAL CONSTRAINTS
In this section we confront the scenario with cosmolog-
ical data from Supernovae type Ia observations as well
as direct H(z) Hubble data. In particular, we desire
to extract the constraints on the free parameters of the
model, through the maximum likelihood analysis. As-
suming Gaussian errors this can be obtained by minimiz-
ing the χ2 function in terms of the model free parameters
am. Since we utilize SNIa and Hublle rate data, the total
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FIG. 3: The 1σ, 2σ and 3σ 2-dimensional contour plots for several combinations of various quantities of Tsallis holographic
dark energy scenario, using SNIa and H(z) data. Additionally, we depict the corresponding 1-dimensional (1D) marginalized
posterior distributions and the mean values of the parameters corresponding to the 1σ area of the MCMC chain. The parameter
M is the usual free parameter of SNIa data that quantifies possible systematic errors of astrophysical origin [66]. For these
fittings we obtain χ2min/dof = 43.248/76.
χ2 reads
χ2tot = χ
2
H + χ
2
SN , (20)
where χ2H , χ
2
SN will be defined in the following. In
the case of holographic dark energy through Tsallis en-
tropy the statistical vector of the free parameters is
am = (Ωm0, B, δ, h), with h = H0/100. Note that, as we
mentioned above, we fix B = 3, i.e. to its standard holo-
graphic dark energy value, in order to explore the role of
δ in a pure way. We use the Markov Chain Monte Carlo
(MCMC) algorithm within the Python package emcee
[64], in order to minimize χ2 with respect to am. Fi-
nally, the algorithm convergence is checked with auto-
correlation time considerations, while we also employ the
Gelman-Rubin criterion [65] for completeness.
A. Type Ia Supernovae
Type Ia Supernovae (SNIa) are widely used in cos-
mological confrontation, since they can be handled as
“standard candles”, offering a way to measure cosmic
distances. In these data sets one measures the apparent
luminosity as function of redshift or equivalently the ap-
parent magnitude. The χ2 that corresponds to the fit is
given by
χ2SN = µC
−1
SN,covµ
T , (21)
where µ = {µobs−µth(z1; am), .., µobs−µth(zN ; am)} and
N = 40. In the above expression µobs is the observed dis-
tance modulus, which for every supernova is defined as
6the difference between its absolute and apparent magni-
tude. We use the binned SNIa data points and the cor-
responding inverse covariance matrix C−1SN,cov from [66].
Moreover, in the statistical vector am we include the
quantity M that quantifies errors of astrophysical ori-
gins in the observed distance moduli. The theoretically
calculated distance modulus µth has a dependence on the
model parameters am which reads as
µth (z) = 42.38− 5 log10 h+ 5 log10 [DL (z; am)] , (22)
where the dimensionless luminosity distance DL(z; am)
is given by
DL (z; am) ≡ (1 + z)
∫ z
0
dz′
H0
H (z′; am)
. (23)
Note that the quantity H (z′; am) in the scenario at hand
cannot be obtained analytically and thus it is extracted
from (12) after the numerical elaboration of Eq. (14).
B. Cosmic chronometer Hubble data
The direct measurements of the Hubble constant is a
very powerful implementation in cosmological confronta-
tion, introduced first in [67] with the method determining
the Hubble parameter data through the differential age
evolution of the passively evolving early-type galaxies. In
particular, since the Hubble function can be expressed
as H = −(1 + z)−1dz/dt, by measuring dz/dt one can
directly measure H(z) data (see [68] for a detailed dis-
cussion).
In this work we use the most recent Hubble data
from [69]. The corresponding dataset contains N = 36
measurements of H(z) in the 0.07 ≤ z ≤ 2.33 range.
Amongst these, there are 5 data points that are based
on Baryon Acoustic Oscillations (BAO), nevertheless for
all the remaining points the Hubble constant is mea-
sured through the passive evolving galaxies differential
age. The χ2 that corresponds to the fit is given by
χ2H (am) = HC−1H,covHT , (24)
whereH = {H1−H0E(z1, am) , ... , HN−H0E(zN , am)},
Hi is the observed Hubble values at redshifts zi (i =
1, ..., N), and with C being the involved covariance ma-
trix (see [70, 71] for more details). Note that the theoreti-
cal quantity E(zi, am) ≡ H(zi, am)/H0 in the scenario at
hand has to be extracted numerically through (12) and
(14).
In Fig. 3 we present the contour plots for several
combinations of various quantities of Tsallis holographic
dark energy scenario, using SNIa and H(z) data. Addi-
tionally, we depict the corresponding 1-dimensional (1D)
marginalized posterior distributions and the mean values
of the parameters corresponding to the 1σ area of the
MCMC chain. As we can see the agreement with the
data is very good, and the matter energy density as well
as the current value of the Hubble parameter coincide
with those of Planck within 1σ [63]. Concerning the new
physical parameter of the present work, namely the expo-
nent δ, there is a tendency for a slight deviation from its
standard value 1, however the value 1 is included within
2σ. Moreover, note that these results could be improved
allowing B to change too (in this case in the end one has
to use the AIC [72] and BIC [73] criteria in order to con-
sistently weight the effect of the additional model param-
eters). We mention here that the incorporation of other
datasets such as Cosmic Microwave Background (CMB),
although necessary, would require a special treatment of
the H(z) form, which in the current scenario cannot be
obtained analytically in general. This complicated elab-
oration lies beyond the scope of the present work and is
left for future investigation, along with the perturbation
analysis and the use of Large Scale Structure data.
V. CONCLUSIONS
In the present work we formulated Tsallis holographic
dark energy, which is a generalization of standard holo-
graphic dark energy. In particular, in order to apply
holography and entropy relations to the whole universe,
which is a gravitational and thus nonextensive system,
for consistency one should use the generalized definition
of the universe horizon entropy, namely Tsallis nonexten-
sive entropy, quantified by a new dimensionless parame-
ter δ. Although a similar idea appeared in a recent work
too [59], its cosmological application had the serious dis-
advantage that it did not possess standard entropy and
standard holographic dark energy as a sub-case, due to
the fact that it was the Hubble horizon that was used as
the IR cutoff, which is well known that cannot lead to
realistic cosmology in case of usual holographic dark en-
ergy. On the other hand, in the present investigation we
presented a consistent formulation of Tsallis holographic
dark energy, taking the IR cutoff to be the future event
horizon, namely the same length that is used in standard
holographic dark energy scenario. In this way Tsallis
holographic dark energy is indeed a consistent general-
ization of standard holographic dark energy, possessing
it as a particular limit, namely for δ = 1.
In order to study the cosmological applications of Tsal-
lis holographic dark energy we first provided a simple dif-
ferential equation for the holographic dark energy density
parameter ΩDE . Additionally, we extracted an analytical
expression for the holographic dark energy equation-of-
state parameter wDE as a function of ΩDE . Although
in the case δ = 1 the above differential equation can be
solved analytically in an implicit form, in the general case
it does not accept an analytical solution and thus one has
to elaborate it numerically.
The scenario of Tsallis holographic dark energy leads
to interesting cosmological phenomenology. Firstly, the
universe exhibits the usual thermal history, namely the
successive sequence of matter and dark-energy epochs,
7with the transition from deceleration to acceleration hap-
pening at z ≈ 0.5 in agreement with observations, before
it results in a complete dark energy domination in the
far future. Furthermore, the corresponding dark energy
equation-of-state parameter presents a rich behavior, and
according to the value of δ, it can be quintessence-like,
phantom-like, or experience the phantom-divide crossing
before or after the present time.
Additionally, we confronted the scenario with Super-
novae type Ia and H(z) observational data, we con-
structed the corresponding contour plots, and we saw
that the agreement is very good. Concerning the new
physical parameter of the present work, namely the expo-
nent δ, there is a tendency for a slight deviation from its
standard value 1, however the value 1 is included within
2σ.
We mention that the above behaviors were obtained
changing only the value of δ and keeping the second pa-
rameter (the one that is present in holographic dark en-
ergy models) B fixed. This is a significant advantage
comparing to standard holographic dark energy, since in
the latter one needs to use a value of this parameter dif-
ferent than the straightforward one in order to obtain
satisfying observational fittings, which has then difficul-
ties to be theoretically justified. Definitely, changing ad-
ditionally the value of B enhances significantly the capa-
bilities of Tsallis holographic dark energy.
In summary, as we can see, the scenario of Tsallis holo-
graphic dark energy exhibits richer behavior comparing
to standard holographic dark energy, quantified by the
present of the new parameter δ, while due to its consis-
tent formulation one can still obtain as a sub-case the
scenario of standard holographic dark energy, namely for
δ = 1. There are additional studies that need to be per-
formed before the scenario can be considered as a suc-
cessful candidate for the description of nature. Firstly,
one should perform a joint observational analysis at both
the background and perturbation levels, using data from
Cosmic Microwave Background (CMB) and Large Scale
Structure (such as fσ8), in order to constrain the model
parameters. Moreover, one should perform a detailed
phase-space analysis in order to extract the global fea-
tures of the scenario at late times, independently of the
initial conditions and the specific evolution. These neces-
sary investigations lie beyond the scope of this work and
are left for future projects.
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